ABSTRACT: We evaluated the actual distribution, present status, and number of remnant individuals of Korean Sagittaria aginashi (Alismataceae) based on herbarium specimens and field surveys. We also reidentified Korean S. aginashi by analyzing sequences of the internal transcribed spacer (ITS) region. We found nine specimens of S. aginashi in herbaria from four localities housed at the Osaka Museum of Natural History (OSA) and at the Korea National Herbarium (KH). During our field research, we could not confirm the current statuses of two collection localities (Taereung and Ansan-si), though this was not the case for Ulsan-si. In addition, we found two new localities in Ulsan-si and Yangsan-si. These three remnant populations are distributed in wetlands in mountainous areas (elev. 480-740 m). With regard to the number of flowering and immature individuals in the three localities, there were <50 and <2,000, respectively, in total. ITS sequences demonstrated that the sequences of Korean and Japanese S. aginashi are uniform and distinct from other Sagittaria species. These results indicate that S. aginashi is a rare and threatened species in Korea. It should be listed as an endangered species on the Korean Red List and requires urgent protection by conservation programs, including the extensive surveys of other possible natural habitats.
Aquatic macrophytes are an important ecological element in inland water ecosystems. However, because their general habitats are highly sensitive to environmental change caused by anthropogenic impact (such as eutrophication, water abstraction, sediment mining, shoreline reinforcement, and invasive alien species), massive diversity loss has occurred (Cronk and Fennessy, 2001; Akasaka et al., 2010; Kadono, 2014) . To develop an optimum conservation program, it is necessary to correctly identify species and recognize their present status (Frankham et al., 2010) . Taxonomic status must be accurately established to ensure that neither are endangered species denied protection nor is effort wasted on abundant species. Many aquatic macrophytes showing highly adaptive, phenotypic plasticity, and morphology among juvenile and adult plants often have highly different characteristics (Sculthorpe, 1967) . It is occasionally difficult to identify aquatic plant species lacking taxonomic key characters based on only morphological features.
For aquatic macrophytes, taxonomic misidentification may lead to ignoring populations of threatened species requiring conservation programs. In addition, incorrect conservation effort may seriously affect natural populations.
The genus Sagittaria L. (Alismataceae) is a group of perennial, submerged to emergent aquatic plants, consisting of approximately 36 currently recognized species (Keener, 2005) .
The distribution area of the genus includes Africa, Asia,Sagittaria aginashi is a perennial emergent aquatic species, which is distributed in ponds, marshes, moors, and paddy fields in Korea and Japan (Kim and Choi, 2007; Lee, 2007; Kadono, 2014) . In morphological traits of the emergent leaf and reproductive organs, S. aginashi is similar to S. trifolia, although S. aginashi is remarkable for the peculiarity that it has numerous small tubercles at the base within the vagina of petioles and no stolon (Makino, 1901; Kim and Choi, 2007; Kadono, 2014) . For that reason specimens of S. aginashi lacking roots and the base of petioles have been often misidentified as S. trifolia (Shiga, unpubl. data) . In these cases, DNA sequencing analysis is a powerful tool for identifying Sagittaria plants (Shiga et al., 2017) .
In Japan, wetland destruction by human activity has led to the extinction of local populations of S. aginashi, and this species is categorized as a "near-threatened species" on the Japanese Red List (Ministry of the Environment Government of Japan, 2015). In Korea, S. aginashi is believed to be relatively common in almost all provinces (Shin et al., 1997) or in the eastern provinces (Gangwon-do, Gyeongsangbuk-do, and Gyeongsangnam-do) of the Korean peninsula (Kim and Choi, 2007) . However, Choi (2000) has mapped this species in only one site of Gangwon-do. Recently, Oh et al. (2016) have published distributional maps of Korean plants based on specimen data, including S. aginashi, and the map revealed that the species may be extremely rare. Hence, detailed research into the actual distribution and present status of S. aginashi based on many specimens, including Japanese herbarium material and natural habitats, is needed to conserve this species.
The goal of the present study was to (1) estimate the actual distribution of S. aginashi, (2) evaluate the present status and number of individuals remaining in natural habitats of the species, and (3) re-identify Korean S. aginashi by analyzing sequences of the internal transcribed spacer (ITS) region. We also preliminary discuss the genetic relationships among related species.
Materials and Methods

Herbarium and field research
We surveyed herbarium specimens of S. aginashi collected in Korea and Japan deposited at the Korea National Herbarium (KH), the Kumamoto Prefecture Museum Network Center, Kobe University, Kyoto University (KYO), the National Museum of Nature and Science (TNS), Niigata University, the Osaka Museum of Natural History (OSA), and the University of Tokyo (TI). In KH, we investigated all specimens of the genus Sagittaria.
In September 2016, we also investigated the current population size and habitat conditions of S. aginashi in three remnant populations (Table 1) . We counted the number of flowering and immature individuals.
ITS region analysis
To genetically identify the Korean S. aginashi, we conducted genetic analyses using the DNA sequence of the ITS regions (including ITS1, ITS2, and 5.8S rRNA regions) of nuclear ribosomal DNA. One plant was collected from each of the three remnant populations of S. aginashi and two herbarium specimens collected from Ansan-si (KH1269331) and Jeju Island (KH1058867) were surveyed ( Table 1 ). The following six GenBank sequences were added to the DNA sequence dataset: S. aginashi (LC169553) collected in Japan, S. lichuanensis (AY395992), S. potamogetifolia (AY395990), S. pygmaea (LC169556), S. tengtsungensis (AY395994), and S. trifolia (LC169551) ( Table 1) . Sequence similarities among sequence types were calculated based on the ratio of the number of matched sequences among the number of sequences to be compared.
Total DNA was extracted from 50-100 mg of dried leaves of each specimen using the cetyltrimethylammonium bromide method (Milligan, 1992) . Relevant portions of the ITS region were amplified from total genomic DNA by the polymerase chain reaction (PCR) using thermostable DNA polymerase (EmeraldAmp PCR Master Mix, Takara Bio Inc., Tokyo, Japan) and primers designed by White et al. (1990) , namely ITS5 (5 -GGAAGTAAAAGTCGTAACAAGG-3 ) and ITS4 (5 -TCCTCCGCTTATTGATATGC-3 ). PCR was performed using a TaKaRa PCR Thermal Cycler TP650 Standard (Takara Bio Inc.) programmed for 4 min at 94 
Results
Herbarium and field research
In our herbarium search, we found nine specimens of S. aginashi from four localities housed in OSA and KH ( Fig. 1) : Taereung (OSA), Ansan-si (KH), Ulsan-si (KH), and Jeju Island (KH). In KH, there were seven specimens of S. aginashi and many narrow-leaved S. trifolia had been misidentified as S. aginashi.
In our field research, we surveyed natural populations of S. aginashi based on the specimens' locality data. We could not confirm the current status of two collection localities (Taereung and Ansan-si), but only that of Ulsan-si (Mujechi-neup). We also found two new localities of S. aginashi in Ulsan-si (Doltimineup) and Yangsan-si (Mt. Sinbul-san). These three remnant populations are found in wetlands in mountainous areas (alt. 480-740 m) (Fig. 2, Table 1 ), and details are as follows. In case of locality in Jeju Island, we have not accessed in this study.
Firstly, in Mujechi-neup, the numbers of flowering mature and immature plants of S. aginashi were <10 and 100−1,000, respectively ( Table 1 
Genetic identification and genetic variation
Among the DNA sequences of the ITS region (670-677 bp) from 11 samples of genus Sagittaria, six sequence types (A-F) were detected, distinguishable by 42 single nucleotide polymorphisms and five insertions/deletions ( Table 2 ). The sequences of all S. aginashi from the three extant populations and the two herbarium specimens collected from Korea (Ansan-si and Jeju Island), as well as from GenBank data based on Japanese samples, were identical (sequence type A) (Table  1) . Furthermore, the other sequence types each corresponded to a different species (sequence type B: S. tengtsungensis, C: S. lichuanensis, D: S. pygmaea, E: S. potamogetifolia, F: S. trifolia). The sequence-similarities between S. aginashi (sequence type A) and the other five species were 99.56%, 99.41%, 98.97%, 96.76%, and 95.58% for S. tengtsungensis, S. lichuanensis, S. pygmaea, S. potamogetifolia, and S. trifolia, respectively (Table 2) .
Discussion
Sagittaria aginashi is remarkably peculiar because of the following characteristics: obtuse apex of basal lobes of sagittate leaves (Fig. 2F) , small numerous tubercles at the base within the vagina of petioles (Fig. 2G) , and no stolon (Fig. 2I ) (Makino, 1901; Kadono, 2014) . However, almost all specimens identified as S. aginashi did not have these key characters (T. Shiga, pers. obs.) . Based on the Korean literature (e.g., Shin et al., 1997; Choi, 2000; Lee, 2003; Kim and Choi, 2007; Lee, 2007) , S. aginashi probably have not been identified clearly in Korea. In fact, the photographs of S. aginashi in Lee (2003) and Lee (2007) are actually those of S. trifolia.
Sagittaria aginashi has sometimes been treated taxonomically as the same as S. trifolia (Keener, 2005) . The ITS sequences distinguish the species of the genus Sagittaria and demonstrate that the sequences of S. aginashi are clearly different from those of S. trifolia (Table 1) . We conclude that S. aginashi is rare, but clearly is distributed in Korea. We confirm that the ITS sequences of S. aginashi are uniform in the current preliminary genetic study (Tables 1, 2) . To clarify the historical biogeography of this species, further genetic 
research is required based on samples from the entire distributional range using multiple polymorphic markers. In Korea, S. aginashi often has not been distinguished taxonomically with narrow-leaved S. trifolia and is believed to be a relatively common species. Although we have not surveyed on habitats of Jeju Island, we show that the number of populations of S. aginashi is quite low and that population sizes are extremely small in Korea (Fig. 1, Table 1 ). The lowland populations of the species may have become extinct mainly by human disturbance. The total number of flowering individuals in the three localities is <50, whereas that of immature individuals is <2,000 (Table 1) . The effective population sizes of Korean S. aginashi may be quite small. The present status of S. aginashi indicates that this species should be listed as an endangered species in the Korean Red List and requires urgent protection by conservation programs including the extensive surveys on its additional natural habitats. Because S. aginashi reproduces asexually by numerous tubercles, intra-population genetic diversity may be at quite a low level. An evaluation of the genetic diversity using polymorphic markers, such as microsatellite markers, is needed to formulate an appropriate conservation program.
Furthermore, S. aginashi (sequence type A) is closely related to the Chinese endemic species S. tengtsungensis (sequence type B) and S. lichuanensis (sequence type C) ( Table 2 ). The genetic diversity and genetic relationships among Chinese endemic Sagittaria species including S. tengtsungensis, S. lichuanensis, and S. potamogetifolia have been investigated well using multiple genetic markers (Du et al., 1998; Keener, 2005; Chen et al., 2012; Liao et al., 2016) . Liao et al. (2016) revealed that S. tengtsungensis, S. lichuanensis, S. potamogetifolia, and S. pygmaea form a monophyletic group and that S. lichuanensis, consisting of many sequence types, is a genetically polymorphic species. These species, except for S. pygmaea, are distinguishable from other Sagittaria species by forming numerous tubercles at the base of the petiole (Chen et al., 1984; Chen, 1989; Wang and Chen, 1996; Wang et al., 2010) . To clarify the phylogenetic relationships and taxonomic Table 2 . Six sequence types distinguished by single nucleotide polymorphisms and insertion/deletions of internal transcribed spacers (ITS 1 and 2) and 5.8S rRNA regions in 11 samples of genus Sagittaria collected in Korea, Japan, and China. The numbers in parentheses after the type name indicate the number of samples analyzed. Sequence 3 4 6 9 0 2 2 3 4 5 5 6 7 7 7 7 7 8 8 8 9 0 2 2 2 4 5 6 type 9 1 4 2 9 3 4 2 4 0 1 9 2 5 6 7 9 2 3 4 8 3 2 4 5 1 6 4
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status of S. aginashi among these Chinese endemic species, phylogenetic studies based on the DNA sequences of multiple loci and detailed morphological studies are needed.
Taxonomic treatment
Sagittaria aginashi Makino, Bot. Mag. (Tokyo) 15: 104,
